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Abstract
In the framework of the flipped 3-3-1 model introduced recently [1], the lepton flavor violating
(LFV) decay µ → 3e was predicted to have a large branching ratio (Br) close to the recent
experimental limit. We will show that the Br of LFV decays of the standard model like (SM-like)
Higgs boson decays (LFVHD) Br(h → eaeb) may also be large. Namely, the Br(h → µτ, eτ) can
reach values of O(10−4) − O(10−5), which will be reach the upcoming experimental sensitivities.
On the other hand, for LFV decays of charged leptons (cLFV) (eb → eaγ), the branching ratios
are well below experimental bounds.
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I. INTRODUCTION
Not long after the SM-like Higgs boson was discovered in 2012 [2–4], the LFV decays
of this Higgs boson have been being searched for by experiments at LHC [5–10]. Recent
experimental lower bounds on the LFVHD h→ ebea are
Br(h→ τµ),Br(h→ τe) ≤ O(10−3),
Br(h→ µe) < 3.5× 10−4. (1)
An updated lower bound Br(h → µe) < 6.1 × 10−5 has been reported recently by ATLAS
collaboration [11]. Recent studies predicted that lower bounds from experiments for Br(h→
µτ, eτ) can reach the orders of O(10−4)−O(10−5) [12–15].
The LFVHD was studied in many models beyond the SM, from seesaw and inverse see-
saw models [16–20] to more complicated ones [21–53], including the suppersymmetric ver-
sions [54–61, 63–65, 96]. Many of these models predict very lagre Br(h → τµ, τe) with the
order of O(10−5), implying that LFVHD decays will be signals as new physics that will be
tested experimentally in the upcoming time.
The models beyond the SM constructed by extending the gauge group SU(3)C×SU(2)L×
U(1)Y into the group SU(3)C×SU(3)L×U(1)X (3-3-1) models may predict large LFV decay
branching ratios. This can be explained based on the common property of the popular 3-3-1
models [66–70] that left-handed fermions are usually arranged into SU(3)L (anti)triplets.
Hence, there will appear couplings of new heavy leptons in the third components of these
lepton representations with normal charged leptons and gauge or Higgs bosons. The mix-
ing of these heavy leptons are important sources of LFV mediation at the one-loop level.
Therefore, LFV decays of charged leptons in the frame work of 3-3-1 models were widely
investigated [71–76, 78, 99]. Many of the 3-3-1 models can explain the recent lower bounds
on the decays Br(eb → eaγ) [79, 80]
Br(τ → µγ) < 4.4× 10−8,
Br(τ → eγ) < 3.3× 10−8,
Br(µ→ eγ) < 4.2× 10−13. (2)
In the future projects, new sensitivities for these decay channels will be Br(µ → eγ) ∼
O(10−14) [81] and Br(τ → µγ, eγ) ∼ O(10−9) [82]. They will be used to determine allowed
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regions of the parameter spaces of the 3-3-1 models for further studying other LFV decays
such as those of the SM-like Higg boson h → e±b e∓a . They just have been investigated
in a few specific 3-3-1 models [45, 51], where the LFV sources come from the mixing of
heavy neutrinos. Especially, the 3-3-1 model with inverse seesaw neutrinos [51] predicts
very small regions of parameter space that give large Br(h → τµ, τe) ' O(10−5) and also
satisfy the current bounds of Br(µ → eγ). Recently, an interesting flipped 3-3-1model has
been constructed [1], where the left-handed lepton was arranged in a lepton sextet, while
the left-handed τ and µ are still the same as those known previously. In addition, all left
handed quarks are also arranged in the same SU(3)L triplets so that the model is anomaly
free. The treel level flavor neutral changing currents caused by heavy neutral boson Z ′ do
not appear, hence mZ′ is not constrained from the corresponding experimental data. The
active neutrino and electron masses can be produced consistent with experiments through
loop corrections [83]. The effect of the Higgs sextet on fermion and Higgs boson couplings
was discussed on [84]. The Higgs potentials relating to the Higgs sextets were studied in
refs. [85, 86]. Based on these ingredients, our aim in this work is investigating the LFV
decays of charged leptons eb → eaγ and SM-like Higgs boson h→ ebea in the framework of
the flipped 3-3-1 model.
Our work is arranged as follows. In the two sections II and III, we will collect main
content of the flipped 3-3-1 model, where masses, physical states and needed couplings for
calculating branching ratios of the LFV decays are presented. The analytic formulas of LFV
branching ratios and the corresponding numerical investigations will be shown in section
IV. We will summary main results in section V. Finally, there are two appendices show the
details of one loop formulas contributing to the cLFV amplitudes of the decays eb → eaγ
and the equations for minimal conditions of the Higgs potential considered in this work.
II. THE FLIPPED 3-3-1 MODEL
A. The model review
We follow the model introduced in ref. [1], where the particle content is presented in
Table I. All fermions are written in terms of Dirac spinors.
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Name 331 rep. SM group decomposition Components # flavors
Le
(
1,6,−13
) (
1, 3̂, 0
)
+
(
1, 2̂,−12
)
+
(
1, 1̂,−1
)

(
Σ−R
)c 1√
2
Σ0L
1√
2
νeL
1√
2
Σ0L Σ
−
L
1√
2
eL
1√
2
νeL
1√
2
eL EeL
 1
Lα=µ,τ
(
1,3,−23
) (
1, 2̂,−12
)
+
(
1, 1̂,−1
)
(να, eα, Eα)
T
L 2
eαR (1,1,−1)
(
1, 1̂,−1
)
eαR 6
Qα
(
3,3, 13
) (
3, 2̂, 16
)
+
(
3, 1̂, 23
)
(dα,−uα, Uα)TL 3
uαR
(
3,1, 23
) (
3, 1̂, 23
)
uαR 6
dαR
(
3,1,−13
) (
3, 1̂,−13
)
dαR 3
φi=1,2
(
1,3, 13
) (
1, 2̂, 12
)
+
(
1, 1̂, 0
) (
H+i , H
0
i , σ
0
i
)T
2
φ3
(
1,3,−23
) (
1, 2̂,−12
)
+
(
1, 1̂,−1
) (
H03 , H
−
3 , σ
−
3
)T
1
S
(
1,6, 23
) (
1, 3̂, 1
)
+
(
1, 2̂, 12
)
+
(
1, 1̂, 0
)

∆++ 1√
2
∆+ 1√
2
H+S
1√
2
∆+ ∆0 1√
2
H0S
1√
2
H+S
1√
2
H0S σ
0
S
 1
TABLE I: Representations for the flipped 3-3-1 model, taken from Ref. [1], but notations of fermions
are Dirac spinors.
The electric charge operator is:
Q = T 3 +
1√
3
T 8 +X, (3)
where T 3,8 are diagonal generators of the SU(3) group.
These Higgs bosons develop vacuum expectation values (VEV) defined as
σ0i = ni +
1√
2
(Rσi + iIσi) , 〈σ0i 〉 = ni, i = 1, 2, S,
H0α = kα +
1√
2
(Rα + iIα) , 〈H0α〉 = kα, α = 1, 2, 3, S,
∆0 = S +
1√
2
(+R∆ + iI∆) , 〈∆0〉 = S, (4)
where S  k1,2,3,S  n1,2,S in general [1]. In addition, it was shown that S and kS should
be small to generate successfully neutrino mass consistent with experimental data. Hence,
we can take ks = S ' 0 when solving the masses and physical states of Higgs and gauge
bosons.
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The Yukawa Lagrangian for lepton sector is
− LYlepton =
2∑
i=1
∑
α=µ,τ
6∑
β=1
y
`(i)
αβ eβRLαφ
∗
i +
6∑
β=1
y`′β eβRLeS
∗ + y`′′(Le)cLeS + H.c., (5)
where the invariant term of tensor product of three sextets is expanded as (Le)cLeS =
abcijk(Le)cai(Le)bjSck [71, 87], (Le)
c
ai ≡ C(Le)ai
T
. Note that φ3 only appears in the Yukawa
part of quark.
The fermions are presented as two-component spinors in the original version, see table I
in ref. [1]. In this work, we will use the Dirac (four-component) spinor notation, based on
the equivalence given in detail in ref. [88]. In particular, a Dirac spinor f = (fL, fR)
T ,
where fL,R is the respective left (right) component of a Dirac fermion, namely fL = PLf
and fR = PRf . The Dirac conjugation is f = f
†γ0 = (fR, fL). The charge conjugation
is fC ≡ CfT = ((fR)c, (fL)c)T , implying that (fR,L)c = PL,RfC . A Majorana fermion
satisfying fC = f results in fL,R = (fR,L)
c. The mass term of all fermions at tree level is
−Lleptonmass =
2∑
i=1
∑
α=µ,τ
6∑
β=1
y
`(i)
αβ eβR (eαLki + EαLni) +
6∑
β=1
y`′β eβR
(
Σ−LS + eLkS + EeLnS
)
+ y`′′
[
2S
(
Σ−REeL − (νeL)cνeL
)
+ 2kS
(
−Σ−ReL +
1√
2
(νeL)cΣ
0
L
)
+nS
(
2Σ−RΣ
−
L − (Σ0L)cΣ0L
)]
+ H.c., (6)
where we have used the identity ψcaψ
c
b = ψbψa for leptons.
According to the discussion on ref. [1], in the basis Ψ`L,R = (eα, Eα, Ee, e,Σ
−)TL,R the mass
matrix of charged leptons always has one massless eigenstate at tree level, corresponding to
the normal electron mass me = 0. The case also happens for active neutrinos. But when
the loop corrections are included, the consistent masses of electron and active neutrinos are
obtained. The one-loop Feynman diagrams corresponding to theses corrections are given
in Fig. 1, which were pointed out in ref. [1], along with a very detailed discussion on this
property of the flipped 3-3-1. Accordingly, using the minimal Higgs sector given in Table I,
the experimental data of an inverse hierarchy for active neutrinos can be fitted. Adding
more scalar fields to the model will be another way to solve the problem of the neutrino
oscillations that can be fitted with recent experimental data. As we will show, this problem
does not affect significantly our discussion on LFV decays.
Because loop corrections needed to generate masses of only very light leptons, namely
electrons and active neutrinos, the other corrections to the lepton mass matrices are also
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FIG. 1: Feynman diagrams giving one-loop corrections to the masses of electron (left panel) and
active neutrinos (right panel) [1], where `c means `cα ≡ (eαR)c
reasonably much small than other heavy masses appearing in the model. This is also because
of another reason that one-loop corrections are suppressed by the two factors 1/(16pi2) and
1/M2 relating respectively with one-loop integral and new heavy masses M of a new particle
running in the loop. In conclusion, loop corrections give tiny contributions to the lepton
mass matrices. Hence, we will ignore loop corrections to the masses of heavy particles from
now on.
For simplicity in this work, we will assume that only exotic charged leptons Ee, Eµ, Eτ
mix with each other to guarantee the existence of LFV couplings that contribute to one-
loop amplitudes of the LFV decays. On the other hand, all of the original states of the SM
charged leptons and Σ− are physical. This corresponds to the condition that , kS, n1, k2 ' 0.
The large Yukawa couplings of physical sates µ, τ and Σ− are
y
`(1)
11 =
mµ
k1
, y
`(1)
22 =
mτ
k1
, y`′′ =
mΣ−
2nS
. (7)
Note that masses of electron and active neutrinos come from loop corrections.
The original basis (Eµ, Eτ , Ee) corresponds to the following mass term,
−LEmass =
(
EµR EτR EeR
)
MEµ,τ,e
(
EτL EµL EeL
)T
+ h.c.,
MEµ,τ,e = n2

y
`(2)
13 y
`(2)
14 y
`(2)
15
y
`(2)
23 y
`(2)
24 y
`(2)
25
nS
n2
y`′3
nS
n2
y`′4
nS
n2
y`′5 .
 ≡ n2Y `, (8)
where we have used the assumption that some of the Yukawa couplings in the Lagrangian (5)
are zeros. The lepton mass matrix in Eq. (8) is arbitrary, hence it is diagonalized by the
following transformation,
V E†R MEµ,τ,eV EL = diag(mE1 ,mE2 ,mE3),
6

Eµ
Eτ
Ee

R,L
= V ER,L

E1
E2
E3

R,L
, (9)
where mEi are masses of the physical states EiL(R), i = 1, 2, 3. For simplicity in this work,
we will choose V ER = I3, while V
E
L is parameterized in terms of three free mixing angles θ
E
ij ,
i, j = 1, 2, 3 (i < j), namely
V EL ≡

1 0 0
0 cE23 s
E
23
0 −sE23 cE23


cE13 0 s
E
13
0 1 0
−sE13 0 cE13


cE12 s
E
12 0
−sE12 cE12 0
0 0 1

=

cE12c
E
13 c
E
13s12 s
E
13
−cE23sE12 − cE12sE13sE23 cE12cE23 − sE12sE13sE23 cE13sE23
sE12s
E
23 − cE12cE23sE13 −cE12sE23 − cE23sE12sE13 cE13c23
 , (10)
where sij ≡ sin θEij , cEij ≡ cos θEij , and all Dirac and Majorana phases are set to be zeros. This
matrix satisfies exactly the unitary property. We will use sEij as free parameters.
Other Yukawa couplings are non-zero for generating active neutrino masses and mixing
consistent with experiments, see discussions in ref. [1], but they are assumed to be suppressed
in this work. We also note that the conditions in Eq. (7) still allow right SM quark masses
and mixing consistent with experimental data. Similarly, there is one heavy Marojana
neutrino ΣM = (Σ
0, Σ0†)T with the mass term −1/2(−2y`′′nS)Σ0Σ0 + H.c.. Three other
active neutrinos get consistent masses and mixing from loop corrections, which prefers the
inverted order of active neutrino data oscillation. Their physical states are denoted as
n1, n2, n3 [1]. The masses and mass eigenstates of heavy neutral leptons are
n4 = iΣM , mn4 = mΣ− = 2nSy
`′′. (11)
Yukawa coupling terms in the Lagrangian (5) containing normal charged leptons are
LY` =−
mµ
k1
[
H0∗1 µRµL + σ
0∗
1 µREµL +H
−
1 µRνµL
]
− H
0∗
2√
2
[
EµRy
`(2)
13 + EτRy
`(2)
14 + EeRy
`(2)
15
]
µL
− mτ
k1
[
H0∗1 τRτL + σ
0∗
1 τREτ,L +H
−
1 τRντ,L
]
7
− H
0∗
2√
2
[
Eµ,Ry
`(2)
23 + Eτ,Ry
`(2)
24 + Ee,Ry
`(2)
25
]
τL
− H
0∗
S√
2
[
EµRy
`′
3 + EτRy
`′
4 + EeRy
`′
5
]
eL +
mΣ−
nS
H0∗S Σ
−
R eL
− mΣ−√
2nS
∆+νe,L eL +
mΣ−
nS
∆++(eL)ceL +
imΣ−√
2nS
H+S n4,L eL + h.c. (12)
Corresponding to the above assumption that all charged leptons are diagonal, Yukawa cou-
plings relating with one-loop corrections must guarantee that new Higgs bosons should
couple to different SM charged leptons. As we will show later, the SM-like Higgs bosons will
be h ' R3 when we assume that k1  k3. Combining with Lagrangian (12), we can see that
tree level couplings of SM-like Higgs boson heiej do not appear. The heavy neutral lepton
n4 does not couple with normal charged leptons. The couplings heiei appear from the small
mixing of R3 and R1 for ei = µ, τ and loop corrections for electron. These couplings give
small effects on the LFV decays so we omit them from now on.
After breaking, masses and physical states of all gauge bosons are determined as follows.
III. HIGGS AND GAUGE BOSONS
A. Gauge boson
The covariant derivative of the SU(3)L × U(1)X is defined as
Dµ ≡ ∂µ − igW aµT a − igXT 9XXµ, (13)
where T a (a = 1, 2, .., 8) are the SU(3) generator with respective gauge boson W aµ , T
9 = I√
6
is the U(1)X generator with the gauge boson Xµ, and X is the U(1)X charge of the field
acted by the covariant derivative. The particular forms of the generators are:
• For a SU(3)L singlet: T a = 0 ∀a = 1, 2, .., 8, T 9 = 1√6 .
• For a SU(3)L triplet: T a = 12λa ∀a = 1, 2, .., 8, T 9 = 1√6I3, where λa are Gell-Mann
matrices. The covariant part can be written as:
Wµ ≡ W aT a = 1
2

W 3µ +
1√
3
W 8µ
√
2W ′+µ
√
2Y ′+µ√
2W−µ −W 3µ + 1√3W 8µ
√
2V ′0µ√
2Y −µ
√
2V ′0∗µ − 2√3W 8µ
 , (14)
8
where we have defined the mass eigenstates of the charged gauge bosons as
W ′±µ =
1√
2
(
W 1µ ∓ iW 2µ
)
, Y ′±µ =
1√
2
(
W 4µ ∓ iW 5µ
)
, V ′0µ =
1√
2
(
W 6µ − iW 7µ
)
. (15)
• For a SU(3)L antitriplet: T a = −12λ∗a = −12λTa ∀a = 1, 2, .., 8, T 9 = 1√6I3.
• For a SU(3)L sextet denoted as S ∼ (6, 2/3), given in table I, action of a SU(3)L
generator can be written in terms of the Gellmann matrix, T aS = Sλa/2+λa/2S
T [89].
Hence, the corresponding covariant derivative can be written in terms of the generators
of the SU(3) triplet [89, 90], namely
DµS = ∂µS − ig
[
SWµ + SW
T
µ
]− igX X√
6
XµS. (16)
The symmetry breaking pattern is SU(3)L×U(1)X 〈σ
0
i 〉−→ SU(2)L×U(1)Y 〈H
0
α〉−→ U(1)Q, where
i = 1, 2, S and α = 1, 2, 3, S.
The covariant kinetic terms of the Higgs bosons are
LHkin =
3∑
i=1
(Dµφi)
† (Dµφi) + (DµS)
† (DµS) . (17)
From this, the squared mass matrix of the charged gauge bosons in the basis (W ′±µ , Y
′±
µ ) is
given by
M2V ± =
g2
2
 k21 + k22 + k23 + k2S + 2ε2S k1n1 + k2n2 +√2kSnS +√2kSεS
k1n1 + k2n2 +
√
2kSnS +
√
2kSεS k
2
3 + k
2
S + n
2
1 + n
2
2 + 2n
2
S
 . (18)
It is enough to assume that ki/ni  1 for i = 2, S so that the non-diagonal term in the
squared mass matrix (18) can be ignored. In this work we will accept that
n1 = 0,
k2
n2
=
ks
nS
 1. (19)
In particularly, we will choose k1,2,S ∼ O(10) GeV and n2,s ∼ O(103) GeV, leading to the
consequence that kiniGeV
2/(246GeV)2  1. The non-zero values of k1 still allows the
reasonable Yukawa couplings of normal charged leptons given in Lagrangian (12). We note
that this choice of VEV values are still allowed for generating consistent quark masses, as
discussed previously [1]. The masses and physical states {W±, Y ±} of charged gauge bosons
are determined as
W± ' W ′±, m2W =
g2
2
v2, v2 ≡ (k21 + k22 + k23 + k2S) ,
9
Y ± ' Y ′±, m2Y =
g2
2
u2, u2 ≡ (k23 + k2S + n21 + n22 + n2S) . (20)
Identifying the W± with the SM one, we have v ' 174 GeV. If k1,2,S = O(10)GeV, we have
k3 ' v. Using the assumption in Eq. (19) the neutral gauge boson mass can be determined
as follows.
The non-hermitian gauge bosons V 0 and V 0∗ do not mix with the hermitian ones. The
masses and physical states are
V 0 ' V ′0, m2V =
g2
2
(
u2 + n2S
)
. (21)
For simplicity in calculating masses and mass eigenstate of the hermitian neutral gauge
boson, we will safely use the limit that k1, k2, kS, S  k3. Accordingly, these neutral gauge
bosons will decouple with the ReV 0. In the basis (Xµ,W
3
µ ,W
8
µ), the squared mass matrix is
M2X38 =
g2
2

2
27
t2 (3n2S + u
2 + 4v2) −2
3
√
2
3
tv2 −2
9
√
2t (3n2S + u
2 + v2)
−2
3
√
2
3
tv2 v2 v
2√
3
−2
9
√
2t (3n2S + u
2 + v2) v
2√
3
1
3
(12n2S + 4u
2 + v2)
 , (22)
where t = gX/g. These matrix will be diagonal by a mixing matrix C defined by
M2d = C
TM2X38C = M2d = diag(0,M2Z1 ,M2Z2). (23)
This mixing matrix C can be summarized in the three breaking steps as follows:
Xµ, W
3
µ , W
8
µ
θ331−−→ Bµ, W 3µ , Z ′µ θW−−→ Aµ, Zµ, Z ′µ θ−→ Aµ, Z1µ, Z2µ corresponding three physi-
cal gauge bosons. Two of them are identified with the massless photon Aµ and the SM-like
neutral gauge boson Z1 found experimentally. After the first breaking step, the gauge cou-
plings and U(1)Y charges are identified with the SM, leading to the following consequences:
Y =
1√
3
T 8 +X, t =
gX
g
=
3
√
2sW√
3− 4s2W
, (24)
where g and sW are the well-known parameters defined in the SM, i.e. the SU(2)L gauge
couplings and the sine of the Weinberg angle. In the first step, the two neutral gauge bosons
W 8µ and Xµ mixing, giving rise to the two bosons Bµ and Z
′
µ. The mixing angle is denoted
by θ331 and is given by [89]
s331 ≡ sin θ331 =
√
6g√
6g2 + g2X/3
=
√
1− t2W/3, c331 ≡ cos θ331 =
tW√
3
. (25)
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The relation between the original and physical basis of the neutral gauge bosons are
Xµ
W 3µ
W 8µ
 =

s331 0 c331
0 1 0
c331 0 −s331


cW −sW 0
sW cW 0
0 0 1


1 0 0
0 cθ −sθ
0 sθ cθ


Aµ
Z1µ
Z2µ
 = C

Aµ
Z1µ
Z2µ
 ,
C =

s331cW , (−s331sW cθ + c331sθ) , (s331sW sθ + c331cθ)
sW , cW cθ, −sθcw
c331cW , − (c331sW cθ + s331sθ) , (c331sW sθ − s331cθ)
 , (26)
Using the limit 2S  k2α  n22,S, the mixing angle θ is determined as [91]
sθ ≡ sin θ '
√
3− 4s2Wv2
4c4W (u
2 + 3n2S) + 2 (2s
2
W − 1) v2
. (27)
The masses for the neutral gauge bosons in this limit are
m2A = 0, m
2
Z1
' m2Z =
g2v2
2c2W
, m2Z2 ' m2Z′ =
4g2c2W (u
2 + 3n2S)
3− 4s2W
. (28)
As usual 3-3-1 models with non-zero Z − Z ′ mixing, in the limit m2Z′  m2Z the tree level
contribution to the ρ parameter defined by ρ ≡ m2W/(m2Zc2W ) is estimated approximately by
the following formula [91]
∆ρ '
(
m2Z′
m2Z
)
s2θ '
(
m2Z
m2Z′
)
× 2√
3− 4s2W
, (29)
where sθ is given in Eq. (27). The recent experimental lower bound of mZ′ ≥ 4 TeV [94]
results in that ∆ρ ≤ 7×10−4, which still satisfies 3σ allowed range of experimental data [92].
Previous studies of one-loop contributions from heavy gauge and Higgs bosons to ρ parameter
in some particular 3-3-1 models [91, 98, 99] suggest that these contributions from the heavy
gauge bosons are very suppressed with mZ′ ≥ 4 TeV, while those from Higgs bosons can be
negative and have the order of O(10−4). Hence the total contributions to ∆ρ may satisfy
the experimental constraint even with mZ′ smaller than 4 TeV, which was reported from
ATLAS experiment at LHC [94]. We will use this lower bound of mZ′ in the numerical
investigation.
To determine the SM-like Higgs from its couplings to the gauge bosons W± and Z, the
relevant terms are
LV S =g
2
2
(W+.W−)
[
3∑
i=1
2kiRi + 2kSRS + 4SR∆ +
3∑
i=1
R2i +R
2
S + 2R
2
∆
]
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+
g2
4c2W
Z2
[
3∑
i=1
2kiRi + 2kSRS + 8SR∆ +
3∑
i=1
R2i +R
2
S + 4R
2
∆
]
. (30)
In the limit k1,2,S, S  k3, we have k3 ' v =
√
2mW/g. Then we can see that R3 should be
identified with the SM-like Higgs boson because they have the same couplings with the SM
gauge bosons.
As concerned in previous works that m2Z2  m2Z , we get sθ  1 based on Eq. (27), hence
the Z − Z ′ mixing will be ignored in one-loop formulas involving with LFV decays. An
interesting property of the heavy gauge bosons is that they get masses from two large vev n2
and nS. Hence in principle, n2 can get low values of 1 TeV, even when mZ′ are constrained
to be very heavy from recent experiments.
B. Higgs boson
The Higgs potential is 1:
Vh = V (φ1, φ2, φ3) + V (S) + V (S, φ),
V (φ1, φ2, φ3) =
3∑
i=1
[
µ2iφ
†
iφi + λ
φ
i
(
φ†iφi
)2]
+
(
µ212φ
†
1φ2 + H.c.
)
+
3∑
i<j,i,j=1
[
λφij
(
φ†iφi
)(
φ†jφj
)
+ λ˜φij
(
φ†iφj
)(
φ†jφi
)]
+
[
λ′φ12
(
φ†1φ2
)2
+ H.c.
]
−
3∑
i<j<k,i,j,k=1
√
2fφ (ijkφiφjφk + H.c.) ,
V (S) = Tr
[
µ2S(S
†S) + λS1 (S
†S)2
]
+ λS2
[
Tr(S†S)
]2
,
V (S, φ) = Tr(S†S)
3∑
i=1
λφSi φ
†
iφi + Tr(S
†S)
(
λφS12 φ
†
1φ2 + H.c.
)
+
3∑
i=1
λ˜φSi
[
φ†iSS
∗φi
]
+
(
λ˜φS12 φ
†
1SS
∗φ2 + H.c.
)
+
2∑
i<j,i,j=1
fφSij
(
φTi S
∗φj + H.c.
)
+ λ′φS [(φ∗2)`S`i(φ1)j(φ3)kijk + H.c.] , (31)
where the invariant terms containing Higgs sextets were derived based on ref. [86], ijk is
the total antisymmetric tensor.
1 We thank the referee for pointing out a missing term of this Higgs potential in the previous version
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For one-loop contributions of Higgs bosons to LFV decays of SM-like Higgs boson and
charged leptons, we pay attention to Higgs components appearing in the Yukawa terms given
in Eq. (12). Furthermore, if Σ− or Ee does not mix with Eµ, the LFV decays containing e as
a final state are suppressed, which get Higgs contributions from light active neutrinos and
singly charged Higgs exchanges. Here, the simple case of k1  k3 allowed us to take k1 ' 0
in the squared mass matrices of all Higgs bosons. We note that k1 6= 0 is still necessary
for generating right quark masses as well as couplings of SM-like Higgs boson with normal
charged leptons.
For simplicity in finding physical states and masses of neutral Higgs bosons, we use the
following limit
λ′φS → 0, λφ23 → 0, λφS3 → 0, λ˜φS12 → −2λφS12 , λφS2 → −
fφS22
nS
− λ˜φS2 . (32)
We remind other assumptions we mentioned above that can be applied for finding physical
sates of the Higgs bosons: k2, ks, k1 ' 0 and n1 = 0. There are 8 neutral Higgs components
in the Higgs sector, corresponding to 8 equations of the minimum conditions of the Higgs
potential. The minimal equations are listed in appendix B. Inserting them into the Higgs
potential (31), we will find the masses and mixing matrices of all physical Higgs bosons as
follows.
There are six physical states of CP-even neutral Higgs bosons that are the original states
them selves, namely
R1 ≡ h01, R3 ≡ h, Rσ1 ≡ h02, Rσ2 ≡ h03, RσS ≡ h04, R∆ ≡ h05 (33)
with corresponding masses as follows:
m2R1 = µ
′2
1 = 2k
2
1λ
φ
1 + k
2
3λ
φ
13 + n
2
2λ
φ
12 + n
2
Sλ
φS
2 ,
m2R3 = 4λ3k
2
3, m
2
Rσ1
= µ′21 +
(
λφ12 + 2λ
′φ
12
)
n22 + λ˜
φS
1 n
2
S, m
2
σ2
= 4λ2n
2
2,
m2σS = 4n
2
S(λ
S
1 + λ
S
2 )−
n22f
φS
22
nS
, m2∆ = −
n22(nSλ˜
φS
2 + f
φ
22)
nS
− 2n2SλS1 . (34)
The squared matrix of the two states (R2, RS) is
M22S =
 −nS(nSλ˜φS2 + 2fφS22 ) n2(nS λ˜φS2 +2fφS22 )√2
n2(nS λ˜
φS
2 +2f
φS
22 )√
2
−n22(nS λ˜φS2 +2fφS22 )
2nS
 , (35)
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which gives give two mass eigenstates corresponding to one goldstone boson of V 0 and one
physical states, which are denotes as GV and h
0
6. Their masses and relations with the original
states are
m2GV = 0, m
2
h06
= − (n22 + 2n2S)
(
fφS22
nS
+
λ˜φS2
2
)
,R2
RS
 =
 c2s −s2s
s2s c2s
GV
h06
 , c2s = n2√
n22 + 2n
2
S
, s2s =
√
2nS√
n22 + 2n
2
S
. (36)
We can see that the above assumptions of the VEV and Higgs self-couplings gives one-
goldstone boson GV of the non-hermitian gauge boson V and a light CP-even neutral Higgs
boson h ≡ R3. It will be identified with the SM-like Higgs boson found by LHC through its
couplings with fermion and gauge bosons, as we will show later.
The model contains only one pair of doubly charged Higgs bosons ∆±± with mass
m2∆++ = k
2
3λ˜
φS
3 + n
2
2
(
−f
φS
22
nS
− λ˜φS2
)
− 2n2SλS1 . (37)
Regarding singly charged scalars, we have found two zero mass eigenvalues corresponding
to two goldstone bosons of W± and Y ±. There are three original states that are also the
mass egeinstates,
G±W ≡ H±3 , mGW = 0,
m2
H+1
= µ′21 + k
2
3λ˜
φ
13, m
2
∆+ =
1
2
(
k23λ˜
φS
3 −
2n22(nSλ˜
φS
2 + f
φS
22 )
nS
− 4n2SλS1
)
. (38)
Corresponding to three other singly charged Higgs states (H±3 , σ
±, H±S ), the squared mass
matrix is
M23σS =

k23λ˜
φ
23 − nS(2fφS22 + nSλ˜φS2 ) k3n2λ˜φ23 n2(2f
φS
22 +nS λ˜
φS
2 )√
2
k3n2λ˜
φ
23 λ˜
φ
23n
2
2 + n
2
Sλ˜
φS
3
k3nS λ˜
φS
3√
2
n2(2f
φS
22 +nS λ˜
φS
2 )√
2
k3nS λ˜
φS
3√
2
1
2
(
k23λ˜
φS
3 − n
2
2(2f
φS
22 +nS λ˜
φS
2 )
nS
)
 . (39)
It is easily seen that Det[M23σS] = 0, leading a massless eigenstate which can be identified
with the goldstone boson of V ±.
In the CP-odd neutral Higgs spectrum, there are three massless eigenstates corresponding
to three goldstone bosons of gauge bosons Z,Z ′ and V 0. In particular, three mass eigenstates
and two goldstone bosons are
m2I1 = µ
′2
1 ,m
2
Iσ1
= m2I∆ = −
n22(nSλ˜
φS
2 + f
φS
22 )
nS
− 2n2SλS1 ,
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m2GZ = 0, GZ ≡ I3, (40)
where GZ is the goldstone boson absorbed by the gauge boson Z. Five remaining states di-
vide into two sub-matrix of squared masses, corresponding to base (I2, IS) and (Iσ1 , Iσ2 , IσS),
namely
M2I2s =
 −nS(2fφS22 + nSλ˜φS2 ) n2(2fφS22 +nS λ˜φS2 )√2
n2(2f
φS
22 +nS λ˜
φS
2 )√
2
−n22(2fφS22 +nS λ˜φS2 )
2nS
 ,
M2σ1,2∆ =

(
λ˜φ12 − 2λ˜′φ12
)
n22 + n
2
Sλ˜
φS
1 + µ
′2
1 −4n2SλφS12 2n2nSλφS12
−4n2SλφS12 −4nSfφS22 2n2fφS22
2n2nSλ
φS
12 2n2f
φS
22 −n
2
2f
φS
22
nS
 . (41)
The first 2×2 matrix give one goldstone boson of V 0 denoted as G′V , mG′V = 0 and a physical
CP-odd neutral Higgs a6. Their mass and mixing matrix is
mG′V = 0, m
2
a6
=
(−n22 − 2n2S)
(
fφS22
nS
+
λ˜φS2
2
)
,I2
IS
 =
 c2s −s2s
s2s c2s
G′V
a6
 . (42)
Regarding to the second matrix in Eq. (41), it is easy to check that Det[M2σ1,2∆] = 0,
equivalently, there exist one massless state which can be identified with the golstone boson
of Z ′. Because Iσ2 and I∆ are irrelevant with the couplings in Eq. (12), which contribute to
the one-loop amplitude of LFV decays, we choose a simple case that λφS12 = 0 so that Iσ1 is
physical its self. The CP-odd neutral Higgs bosons relating with one-loop contributions to
LFV decays are Iσ1 and a6.
According to the above discussion on the Higgs sector, we can see that Rσ1 and Iσ1 are the
real and imaginary parts of a physical Higgs boson σ1 with mass m
2
σ1
=
(
λ˜φ12 − 2λ˜′φ12
)
n22 +
λ˜φS1 n
2
S + µ
′2
1 . Similarly, there is another neutral complex Higgs boson denoted as h6 =
(h06 + ia6)/
√
2 with mass m2h6 = m
2
a6
= m2
h06
given in equations (36) and (42).
According to the above discussion on the Higgs sector, we can see that h06 and a6 can be
considered as real and imaginary parts of a physical neutral complex Higgs boson denoted
as h6 ≡ (h06 + ia6)/
√
2 σ1 with squared mass m
2
h6
= m2a6 = m
2
h06
given in equations (36)
and (42). Similarly, in the limit of the unknown parameter λ˜′φ12 = 0, Rσ1 and Iσ1 can be
considered as the real and imaginary parts of a physical Higgs boson σ1 with mass m
2
σ1
=
15
λ˜φ12n
2
2 + λ˜
φS
1 n
2
S + µ
′2
1 . More interesting, Rσ1 and Iσ1 give the same qualitative contributions
to the amplitudes of the LFV decays. Therefore, we will use this limit for our numerical
investigation to avoid unnecessary and lengthy private one-loop contributions of Rσ1 and Iσ1
to LFV decay amplitudes.
From the simple Higgs potential shown above, the Feynman rules for Higgs self-couplings
of the SM-like Higgs boson that contribute to the LFVHD are shown in table II. Note that
the coupling hh6h6 is zero. After determining the masses and mixing matrices of all leptons,
Coupling Vertex Coupling Vertex
hσ01σ
0∗
1 −iλ13mW /g hσ01h6 ifφs2s/2
TABLE II: Feynman rules for Higgs-self couplings that contribute to LFVHD decays.
gauge and Higgs bosons, the branching ratios of LFV decays h→ ebea and eb → eaγ can be
computed in the next section.
IV. LFV DECAYS eb → eaγ AND h→ eaeb
A. Analytic formulas of branching ratios
In this section, we pay attention to only couplings that contribute to the LFV decay
amplitudes h → ebea and eb → eaγ at the one loop level. We also apply the results
introduced in ref. [45] to calculate the amplitudes of the decays h → eaeb. In this model,
couplings of charged leptons with active neutrino result in suppressed contributions to the
LFV decay, similarly to the case of the SM with very light neutrinos. Hence the non-trivial
LFV couplings with normal charged leptons that give large LFV effects relate with only
heavy charged leoptons Ei, leading to that the LFV couplings we consider here are only
V 0Eiea or s
0Eiea, and their Dirac conjugations.
The ffV couplings are contained in the covariant kinetic terms of leptons,
LffV =
7∑
i=1
ieiRγ
µDµeiR +
∑
i=e,µ,τ
iLiγ
µDµLi, (43)
see a the detailed explanation relations between these notations in ref. [88]. The following
terms are involved with LFV couplings:
LLFVffV = g
[
EeLγ
µeL +
1√
2
(
EµLγ
µµL + EτLγ
µτL
)]
V 0µ + h.c.
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= g
[
(V E∗L )3iEiγ
µPLe+
1√
2
[
(V E∗L )1iEiγ
µPLµ+ (V
E∗
L )2iEiγ
µPLτ
]]
V 0µ + h.c. (44)
Based on the general Feynman rules for one-loop contributions to the decay amplitude
h→ eaeb, the diagrams need vertices with non-zero couplings hV 0V 0∗, or hs0V 0∗, where s0
is a neutral Higgs boson. In the model under consideration these kinds of couplings do not
appear in the model. In contrast, the couplings given in (44) do contribute to the decay
amplitudes eb → eaγ.
The ffs0 couplings some from the Yukawa Lagrangian (12). In the physical basis, the
Yukawa couplings involved to LFVHD are
Ls0ff = −H
0∗
1
k1
[mµµRµL +mττRτL]− σ01
3∑
i=1
[
mµ
k1
(
V E∗L
)
1i
EiPRµ+
mτ
k1
(
V E∗L
)
2i
EiPRτ
]
− h∗6
3∑
i=1
[
s2s
(
Y `1iEiPLµ+ Y
`
2iEiPLτ
)
+
c2snS
n2
Y `3iEiPLe
]
+ h.c., (45)
where the matrix Y ` is given in Eq. (8), which can be written in terms of heavy charged
lepton masses and mixing parameters based on Eq. (9),
Y ` =
1
n2
diag(mE1 , mE2 , mE3)V
E†
L , (46)
For convenience in calculating the one loop contributions of Higgs mediation to the LFV
amplitudes, Lagrangian (45) is written in the following form,
Lsff = −H
0∗
1
k1
[mµµRµL +mττRτL]− σ01
3∑
i=1
∑
j=1,2
Y
σ01
ji EiPRe(j+1)
− h∗6
3∑
i
[
2∑
j=1
Y h6ji EiPLe(j+1) + Y
h6
3i EiPLe
]
+ h.c.. (47)
where the coupling Y sji, i, j = 1, 2, 3, is defined as follows
Y
σ01
ji =

me(j+1)
k1
(V E∗L )ji, j = 1, 2,
0, j = 3
, Y h6ji =
 s2sY `ji; , j = 1, 2,s2s√
2
Y `ji, j = 3
, (48)
where we have used s2s =
c2s
√
2nS
n2
.
The corresponding one-loop Feynman diagrams that contribute to the LFVHD amplitude
are shown in Fig. 2. Although the model under consideration contains charged Higgs bosons,
their one-loop contributions to the LFV decay are tiny. The LFV couplings of the doubly
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FIG. 2: One-loop Feynman diagrams for decay h → eaeb in the unitary gauge, where s0, s01, s02 =
h6, σ
0
1.
and singly charged Higgs bosons ∆±± and H±S do not appear because they only couple with
electron, see Eq. (12). The other singly charged Higgs bosons only couple with active neu-
trinos having tiny masses, hence one-loop contributions involving with them to LFV decay
amplitudes are proportional to the deviations between squared masses of active neutrinos
∆m2ij ≡ m2i − m2j , with i 6= j and i, j = 1, 2, 3. This result can be derived using Taylor
expansion in terms of squared masses of active neutrinos and applying the GIM mechanism∑
i V
∗
iaVib = 0 to cancel large contributions independent with mi, see previous discusions on
LFV decays [46, 100]. Hence these contributions from singly charged Higgs bosons are very
suppressed, we then safely ignore them.
The partial decay width of the decays h→ eaeb is defined as follows:
Γ(h→ eaeb) ≡ Γ(h→ e−a e+b ) + Γ(h→ e+a e−b ) =
mh
8pi
(|∆(ba)L|2 + |∆(ba)R|2) , (49)
with the condition mh  ma,b and ma,b charged lepton, a, b = 1, 2, 3 corresponding to e, µ, τ .
The on-shell conditions for external particles are p2a,b = m
2
a,b and p
2
h ≡ (pa + pb)2 = m2h. The
LFVHD decay rate is Br(h→ eaeb) = Γ(h→ eaeb)/Γtotalh where Γtotalh = 4.1× 10−3 GeV. In
the notations constructed in ref. [45], the ∆(ba)L,R can be written as
∆(ba)L,R =
5∑
i=1
∆
(i)
(ba)L,R, (50)
where detailed calculations to derive analytic formulas of ∆
(i)
(ba)L,R are given in ref. [45]. In
previous works [19, 45], we can see that ∆
(2+3)
(ba)L,R and ∆
(4+5)
(ba)L,R are very suppressed, hence we
focus only to ∆
(1)
(ba)L,R = ∆(ba)L,R with the following analytic forms for non-zero contributions,
∆(32)L,R = ∆
σ01σ
0
1
(32)L,R + ∆
σ01h6
(32)L,R + ∆
h6σ01
(32)L,R,
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∆(b1)L,R = ∆
σ01h6
(b1)L,R, (51)
where b = 2, 3, and
∆
σ01σ
0
1
(32)L =
mτλ13mW
16pi2g
×
3∑
i=1
Y
σ01∗
1i Y
σ01
2i
[
−C2(0, 0;m2Ei ,m2σ01 ,m
2
σ01
)
]
,
∆
σ01σ
0
1
(32)R =
mµλ13mW
16pi2g
×
3∑
i=1
Y
σ01∗
1i Y
σ01
2i
[
C1(0, 0;m
2
Ei
,m2σ01
,m2σ01
)
]
,
∆
σ01h6
(32)L =−
fφs2s
32pi2
×
3∑
i=1
Y
σ01∗
1i Y
h6
2i
[
mEiC0(0, 0;m
2
Ei
,m2σ01
,m2h6)
]
,
∆
σ01h6
(32)R =0,
∆
h6σ01
(32)L =0,
∆
h6σ01
(32)R =−
fφs2s
32pi2
×
3∑
i=1
Y
σ01
2i Y
h6∗
1i
[
mEiC0(0, 0;m
2
Ei
,m2h6 ,m
2
σ01
)
]
,
∆
σ01h6
(b1)L =0,
∆
σ01h6
(b1)R =−
fφs2s
32pi2
×
3∑
i=1
Y
σ01
3i Y
h6∗
(b−1)i
[
mEiC0(0, 0;m
2
Ei
,m2h6 ,m
2
σ01
)
]
.
The functions C1,2(0, 0;m
2
Ei
,m2
s01
,m2
s02
) ≡ C0,1,2(mEi ,ms01 ,ms02) are one-loop three-point
Passarino-Veltman (PV) functions introduced in ref. [45].
The ∆
σ01h6
(32)L arises from the chirality flip in the Yukawa couplings of heavy fermions with
σ01 and h
0
6 given in Eq. (47), similar to the cases mentioned in refs. [96, 97], which relates to
the Yukawa couplings with chirality flip. In our work, the ∆
σ01h6
(32)L,R arises from the chirality
flip in the Yukawa couplings of heavy fermions with σ01 and h
0
6 given in Eq. (47). This may
result in an interesting result that Br(h→ ebea) may be large with large Yukawa couplings
of Ei in the perturbative limit.
In the unitary gauge, the one-loop three point Feynman diagrams contributing to the
decay amplitudes eb → eaγ (a < b) are shown in Fig. 3.
For low energy, the branching ratios of the cLFV decays can be written in a more con-
vinient form as follows,
Br(eb → eaγ) =
(
1− m
2
a
m2b
)3
× 3αe
2pi
(∣∣F(ba)L∣∣2 + |F(ba)R|2)× Br(eb → eaν¯aνb), (52)
where αe ' 1/137, F(ba)L,R = C(ba)L,Rmb ×
(
g2e
32pi2m2W
)−1
, and C(ba)L,R is the one loop contributions
originated from diagrams shown in Fig. 3. The well-known experimental values of Br(eb →
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FIG. 3: One-loop diagrams contributing to C(ba)L,R for decays eb → eaγ, where s0 = σ01, h6.
eaν¯aνb) are Br(τ → µν¯µντ ) ' 17.41%, Br(τ → eν¯eντ ) ' 17.83% and Br(µ → eν¯eνµ) '
100% [92]. The analytical forms of C(ba)L,R is derived based on previous results [75, 93].
Accordingly, we can use the limit m2a,m
2
b ' 0, where the results are as follows,
F(ba)L,R = F
(1)
(ba)L,R + F
(2)
(ba)L,R,
F
(1)
(32)L =
3∑
i=1
2m2WY
σ01∗
1i Y
σ01
2i
g2m2
σ01
gs(tσ01 ,i) +
3∑
i=1
2mµm
2
WY
h6∗
1i Y
h6
2i
mτg2m2h6
gs(th6,i),
F
(1)
(32)R =
3∑
i=1
2mµm
2
WY
σ01∗
1i Y
σ01
2i
mτg2m2σ01
gs(tσ01 ,i) +
3∑
i=1
2m2WY
h6∗
1i Y
h6
2i
g2m2h6
gs(th6,i),
F
(1)
(b1)L =
me
mb
F
(1)
(b1)R =
3∑
i=1
2mem
2
WY
h6∗
3i Y
h6
(b−1)i
mbg2m2h6
gs(th6,i),
F
(2)
(32)L =
mµ
mτ
F
(2)
(32)R =
2m2W
m2V 0
3∑
i=1
V ′E1i V
′E∗
2i gv(tv,i),
F
(2)
(b1)L =
me
mb
F
(2)
(b1)R =
2m2W
m2V 0
3∑
i=1
V ′E3i V
′E∗
(b−1)igv(tv,i), (53)
where tx,i = m
2
Ei
/m2x (x = σ
0
1, h6, V
0),
V ′Eai =
 (V EL )ai, a = 31√
2
(V EL )ai, a = 1, 2
, (54)
and the functions gs(ts,i), gv(tv,i) are derived in the appendix A.
We note that σ01 contribute to only LFV decays t → µγ and h → µτ . Because σ01
couplings with only µ and τ . This is the proper property of the flipped 3-3-1 model, where
left-handed electron is a component of a sextet, while the τ and µ are arranged in triplets
as other usual 3-3-1 models. Consequently, the amplitudes of the two decays h → µτ and
τ → µγ receive more one-loop contributions than the remaining decay amplitudes, hence
we expect that the Br(h→ τµ) and Br(τ → µγ) will be large.
20
B. Numerical discussions
In this numerical discussion, the unknown input parameters are: the masses and mixing
parameters of the heavy leptons sEij and mEi ; heavy neutral Higgs masses and mixing mσ01 ,
mh6 and s2s. In addition, the unknown vevs in the model is k1 and n2. From Eqs. (36) and
(28), we have
nS =
s2sn2
c2s
√
2
, n22(1 + 2t
2
2s) =
(3− 4s2W )m2Z′
4g2c2W
, (55)
where t2s ≡ s2s/c2s. This means that n22 + 4n2S ' (2.15mZ′)2. For the latest lower bound
of m2Z′ ≥ 4 TeV reported from experiment [94], we have
√
n22 + 4n
2
S ≥ 8.3 TeV. For our
numerical investigation in this work, we will fix
√
n22 + 4n
2
S = 8.3 TeV, n2 = 1 TeV, nS ≥ 4
TeV, leading to t2s =
√
2nS/n2 = 4
√
2, equivalently s2s ' 0.985. The large s2s corresponds
to large Yukawa coupling Y h6 given in Eq. (48). Because k1 generate masses for lepton τ at
the tree level, it should not be too small. In addition, µ212 given in Eq. (B1) is too large if
k1 is too small. Hence we will choose that 10 GeV ≤ k1 ≤ 50 GeV. The above particular
choice of mEi is an illustration for a general consideration where large Br(h → ebea) need
mEi −mEj = O(102) GeV when mEi = O(1) TeV applied in our discussion.
In the first numerical investigation, the default values of the inputs are k1 = 20 GeV,
λ13 = 1, f
φ = 2 TeV, mE1 = 1 TeV, mEk = mE1 − k × 100 GeV, n2 = 1 TeV, s2s = 0.985,
mσ01 = mh6 = 1 TeV. The perturbative limit of the Yukawa couplings relating with heavy
lepton masses give mE1 ≤ n2
√
4pi = 3.5 TeV for n2 = 1 TeV. Values of mE2,3 are chosen
to avoid the degenerate masses of the three charged heavy leptons which result in Br(eb →
eaγ) = 0.
All other well-known parameters are taken from ref. [92], namely Higg boson mass and
its total decay width mh = 125.01 GeV and Γh = 4.07× 10−3 GeV; masses of the W boson,
masses of normal leptons me, mµ, mτ , the gauge couplings and αe.
Regarding the mixing matrix V EL , we first consider three cases of only one of s
E
ij = 1/
√
2,
which correspond to the maximal mixing of only two heavy charged leptons. Hence, these
result in large branching ratios of some of the LFV decays while the remaining ones vanish.
This help us to estimate the largest branching ratios of LFV decays. In the case of s12 =
1/
√
2 and s13 = s23 = 0, we always have Br(h → µe) = Br(h → τe) = Br(µ → eγ) =
Br(τ → eγ) = 0. In contrast, the Br(h → τµ) and Br(τ → µγ) as functions of mE1 with
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different fixed k1 are shown in Fig. 4. It can be seen that Br(τ → µγ) is much smaller than
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FIG. 4: Br(h→ τµ) and Br(τ → µγ) as functions of mE1 in the case sE12 = 1√2 and sE13 = sE23 = 0.
the current experimental bound given in Eq. (2). Although the Br(h → τµ) ∼ O(10−3) is
close to the current experimental bound in Eq. (2), the lower bounds obtained from near
future experiments can be used to constrain the parameter space. The two parameters k1 and
mE1 affect strongly on Br(h→ τµ) but Br(τ → µγ) depend weakly on them. This property
can be explained as follows. The dominate contribution to h→ τµ decay amplitude is ∆h6σ0132
which is proportional to fφmτm
2
Ei
/k1 and C0 ∼ 1/m2Ei for m2Ei  m2h6,m2σ01 . For the decay
amplitude τ → µγ the contribution relating with σ01 is much smaller than that relating with
h6.
Similarly, with sE12 = s
E
23 = 0 and s
E
13 =
1√
2
, we have only two non-zero Br(h → µe) and
Br(µ→ eγ). Illustrations of these branching ratios as functions of mE1 with different fixed
k1 are shown in Fig. 5. Accordingly, Br(µ→ eγ) ≤ O(10−15), which still satisfies the lower
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FIG. 5: Br(h→ µe) and Br(µ→ eγ) as functions of mE1 in the case sE13 = 1√2 and sE12 = sE13 = 0.
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bound in Eq. (2). It is noted that although Br(h → µe) is sensitive to k1, the Br(µ → eγ)
is not, because it does not receive contribution from Yukawa coupling of σ01.
The case of sE12 = s
E
13 = 0 and s
E
23 =
1√
2
corresponds to the two non-zero Br(h→ τe) and
Br(τ → eγ). Illustrations of these branching ratios as functions of mE1 with different fixed
k1 are shown in Fig. 6. In this case, Br(h→ τe) has the same order of Br(h→ τµ), because
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FIG. 6: Br(h→ τe) and Br(τ → eγ) as functions of mE1 in the case sE23 = 1√2 and sE12 = sE13 = 0.
both of them get dominant contributions from ∆
σ01h6
(ba)R. Other contributions to ∆(ba) have
been checked numerically that they are very suppressed. Similarly the case of Br(τ → µγ),
Br(τ → eγ) is much smaller than the current and upcoming experimental sensitivities.
In order to illustrate the effects of heavy leptons masses on the magnitude of different
LFV decays, we consider the case of all equal non-zero sEij =
1√
2
. The branching ratios of all
LFV decays are functions of mE1 , which numerical illustrations are shown in Fig. 7.
h→μe h→τe h→τμ
1000 1500 2000 2500 3000 3500
10
-9
10
-8
10
-7
10
-6
10
-5
10
-4
10
-3
mE1[GeV]
B
r(
h
→
e
b
e
a
)
μ->eγ τ->eγ τ->μγ
1000 1500 2000 2500 3000 3500
10
-20
10
-18
10
-16
10
-14
mE1[GeV]
B
r(
e
b
-
>
e
a
γ)
FIG. 7: Br(h→ ebea) and Br(eb → eaγ) as functions of mE1 in the case sEij = 1√2 for all i, j = 1, 2, 3
and i < j.
We consider a region with large Br(µ → eγ), where the necessary conditions is large
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sE13, small values of n2 and small mh6 . The illustration is shown in Fig. 8, where we fix
mZ′ = 4 TeV and mh6 = 500 GeV, then plot branching ratios of LFV decays as functions
of n2 with different mE1/n2 ≤
√
4pi satisfying the perurbative limit We can see again that
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FIG. 8: Br(h→ µe) and Br(µ→ eγ) as functions of n2 in the case of mZ′ = 4 TeV, sE13 = 1√2 and
sE12 = s
E
23 = 0.
Br(µ→ eγ) ≤ O(10−15). The large Br(µ→ eγ) corresponds to the regions of small n2 and
small mh6 .
Similarly, the Br(h → τµ) and Br(h → τe) as functions of n2 are shown in Fig. 9. The
Br(τ → µγ, eγ) are much smaller than current experimental constraints so we do not show
again. We just mention here a property that all Br(h→ ebea) enhance with increasing mE1 ,
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FIG. 9: Br(h → τµ) (left) and Br(h → τe) (right) as functions of n2 in the case of mZ′ = 4 TeV
and sE12 =
1√
2
(sE23 =
1√
2
).
which has an upper bound originated from the perturbative limit of the Yukawa couplings.
Hence the upper bounds of Br(h→ ebea) corresponding to the largest values of the Yukawa
24
couplings. In contrast, all Br(eb → eaγ) decrease with increasing mE1 when n2 is large
enough.
For estimating how large of LFV branhcing ratios can reach when mZ′ is large, we fix
n2 = mZ′/4 ≥ 1 TeV, then t2s and nS are determined from the relations given in (55). The
Br of LFV decays as functions of mZ′ are illustrated in Fig. 10. In this case we can see that
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FIG. 10: Br(h→ ebea) (left) and Br(eb → eaγ) (right) as functions of mZ′ in the case of n2 = mZ′/4
and sEij =
1√
2
with all i < j, i, j = 1, 2, 3.
all LFV branching ratios decrease with larger mZ′ . But Br(h → τµ) and Br(h → τe) are
still close to the order of O(10−5) or larger. Hence these decay channels are still interesting
for experiments. On the other hand, all Br(eb → eaγ) decrease rapidly with increasing mZ′ .
They will not be detected by upcoming experiments.
Apart from the LFV decay Br(µ→ eγ), the LFV decay µ→ eee is also highly constrained
from experimental data, Br(µ→ eee) < O(10−12) [101]. A discussion on ref. [1] showed that
there exists a tree level contribution from the heavy gauge boson Z ′ to this decay amplitude,
see the first Feynman diagram in Fig. 11. Accordingly, the experimental upper bound of
FIG. 11: Tree level [1] and one loop Feynman diagrams contributing to the decay µ→ eee.
(µ → eee) < O(10−12) was shown to give a constraint of mZ′ ≥ 3 TeV, which is less strict
than that obtained from LHC. In addition, there appear one-loop contributions to this decay
because of the same LFV couplings as those result in the LFV decay µ→ eγ, see the second
25
and third diagrams in Fig. 11. From previous works [74, 102], it can be seen that the one
loop contributions to the two mentioned LFV decays has the same orders. Therefore, the
numerical investigations on the Br(µ → eγ) show that the tree level contribution of Z ′ to
µ→ eee is still dominant, and can be used to constrain the mZ′ .
V. CONCLUSIONS
We have investigated LFV decays of the SM-like Higgs boson h → ebea and charged
leptons eb → eaγ in the framework of the flipped 3-3-1 model. The Higgs potential was
considered in a simple case, where we have shown that the model contains a SM-like Higgs
boson that can be identified with the one found experimentally. The main LFV sources
originate from the heavy charged leptons. Because electron is arranged in a sextet, which
is different from the two other charged leptons τ and µ, one-loop contributions to the LFV
amplitudes of the decays h → µτ and τ → µγ are larger than the remaining h → τe, µe
and τ, µ → eγ, respectively. Assuming that all new heavy particles are in the TeV scale,
the Br(h → τµ, τe) and Br(h → µe) can reach the order of O(10−3 − 10−4), and O(10−6),
respectively. These values are very close to the recent lower bounds reported by experiments,
and they should be considered for constraining the parameter space of the model if improved
lower bounds on these decay rates are published. The large values of Br fo LFVHD still
appear even with heavy mZ′ ∼ O(10) TeV. On the other hand, the Br(eb → eaγ) always
satisfy the current experimental constraints. In addition, our numerical investigation show
that Br(τ → µγ, eγ) ≤ O(10−14), which are much smaller than the planed sensitivities of
upcoming experiments. Similarly, Br(µ → eγ) can reach the order of O(10−15) which is
more promising for searching by experiments.
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Appendix A: One loop contribution to the decay amplitudes eb → eaγ
The one-loop contributions to the decays eb → eaγ is calculated based on the notations
of the PV-functions defined in ref. [75].
C
σ01
(32)L =
3∑
i=1
−mτQEY σ
0
1∗
1i Y
σ01
2i
16pi2
[
C1([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C11(...) + C12(...)
]
,
C
σ01
(32)R =
3∑
i=1
−mµQEY σ
0
1∗
1i Y
σ01
2i
16pi2
[
C2([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C12(...) + C22(...)
]
,
Ch6(32)L =
3∑
i=1
−mµQEY h6∗1i Y h62i
16pi2
[
C2([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C12(...) + C22(...)
]
,
Ch6(32)R =
3∑
i=1
−mτQEY h6∗1i Y h62i
16pi2
[
C1([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C11(...) + C12(...)
]
,
Ch6(b1)L =
3∑
i=1
−meQEY h6∗3i Y h6(b−1)i
16pi2
[
C2([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C12(...) + C22(...)
]
,
Ch6(b1)R =
3∑
i=1
−mbQEY h6∗3i Y h6(b−1)i
16pi2
[
C1([p
2
i ];m
2
σ01
,m2Ei ,m
2
Ei
) + C11(...) + C12(...)
]
,
CV(32)L = −
eg2mµQE
16pi2m2V 0
3∑
i=1
V ′E1i V
′E∗
2i
× [2m2V 0 (C0([p2i ];m2V 0 ,m2Ei ,m2Ei) + C1(...) + 2C2(...) + C12(...) + C22(...))
+m2E (−C1(...) + C12(...) + C22(...)) +m2b (C1(...) + C11(...) + C12(...))
]
,
CV(32)R = −
eg2mτQE
16pi2m2V 0
3∑
i=1
V ′E1i V
′E∗
2i
× [2m2V 0 (C0([p2i ];m2V 0 ,m2Ei ,m2Ei) + 2C1(...) + C2(...) + C11(...) + C12(...))
+m2Ei (−C2(...) + C11(...) + C12(...)) +m2a (C2(...) + C12(...) + C22(...))
]
,
CV(b1)L = −
eg2meQE
16pi2m2V 0
3∑
i=1
V ′E3i V
′E∗
(b−1)i
× [2m2V 0 (C0([p2i ];m2V 0 ,m2Ei ,m2Ei) + C1(...) + 2C2(...) + C12(...) + C22(...))
+m2E (−C1(...) + C12(...) + C22(...)) +m2b (C1(...) + C11(...) + C12(...))
]
,
CV(b1)R = −
eg2mbQE
16pi2m2V 0
3∑
i=1
V ′E3i V
′E∗
(b−1)i
× [2m2V 0 (C0([p2i ];m2V 0 ,m2Ei ,m2Ei) + 2C1(...) + C2(...) + C11(...) + C12(...))
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+m2Ei (−C2(...) + C11(...) + C12(...)) +m2a (C2(...) + C12(...) + C22(...))
]
, (A1)
where [p2i ] = m
2
b , 0,m
2
a relate to external momenta, the symbols (...) stand for the list
of arguments shown in the first terms. In the limit m2a,m
2
b ' 0, the PV functions
C0,i,ij(0, 0, 0;m
2
B,m
2
F ,m
2
F ) are written as follows [93]
C0 =
1− t+ ln(t)
m2B(t− 1)2
, C1 = C2 =
3− 4t+ t2 + 2 ln(t)
4m2B(t− 1)3
,
C11 = C22 = 2C12 =
11− 18t+ 9t2 − 2t3 + 6 ln(t)
18m2B(t− 1)4
, (A2)
where t = m2F/m
2
B. Using these approximations we have
gs(t) ≡ [C1 + C11 + C12]m2B =
t3 − 6t2 + 3t+ 6t ln(t) + 2
12(t− 1)4 ,
gv(t) = 2m
2
V 0 (C0 + 2C1 + C2 + C11 + C12) +m
2
Ei
(−C2 + C11 + C12)
=
−5t4 + 14t3 − 39t2 + 18t2 ln(t) + 38t− 8
12(t− 1)4 . (A3)
These results are consistent with the formulas introduced in ref. [95], used to discuss on the
muon anomalous magnetic moments.
Appendix B: Equations for minimal conditions of the Higgs potential
We have 8 independent equations corresponding to 8 neutral Higgs bosons
{H01 , H02 , H03 , H0S, σ01, σ02, σ0S,∆0}. In the limit of , k2, kS, n1 = 0, and the conditions in (32)
are applied, there are seven independent equations that result in to the following functions:
µ21 = −2k21λφ1 +
√
2k3n2f
φ
k1
− k23λφ13 − n22λφ12 − n2SλφS2 ,
µ212 = 0,
µ23 = k
2
1(−λφ13) +
√
2k1n2f
φ
k3
− 2k23λφ3 ,
fφS12 = 0,
µ222 = k
2
1(−λφ12) +
√
2k1k3f
φ
n2
− 2n22λφ2 − nSfφS22 ,
µ2S = k
2
1(−λφS2 )− 2n2SλS1 − 2n2SλS2 ,
fφS11 = 0. (B1)
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Inserting them into the Higgs potential to cancel dependent parameters, we can find the
physical states and masses of the Higgs bosons as we discussed above.
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